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SOVIET ELECTROINTEGRATORS AND THEIR POTENTIAL USES
FOR DESIGN AND ENGINEERING CALCULATIONS

L. T, Gutenmakher, Dr Tech Sci,
Laureate of the Stalin Prize

L]
The development of mechanization and sutomatization of production procssses
in machine b.:ilding is connected with the exscution of a large number of calcu-
lations . The caliculstions facilitate the rinding of optimum designs for elements,
unire, and whole mechanisms, as well as the selection of the best operating con-
31tions for mechanisms and machines .

In the Soviet Union there have been created new mathematical machines and
electrical medels which will allow mechanirzation of calculating and computing

operationsz

The rate of calculation is thereby so accrelerated that designers, reseachers,
and inventors wre presented with completely new possibilities,

Tnia report rxumines the variou: typez of mathematical machines -- electro-
1ntegrators -~ wnich are produced in the Soviet Union and, asz sxam7eeg, describes
the methed far zciving wome typical problems of interest to machine-building in-

AVItry workers

Tt 17 te e noted that the gualification of engineer 1s sufficlent for per-
sons salvina proviam: with tbese devices., This is because the electrointegrators
are uplversal physical! models of thos= phenomena whicn heve 10 te studied There-
fore, on ke bacis of the simplest snalogies betwsen the phenomens being studied
and the pacnomsnn in the model, any e«nginesr ~an set up aod solve concrete engl-
neeving probien: wvithout a great desl of knowledge in the [fleld of computation

techatque
When electroantegrators or electrical models are used, theve is no numerical

compututicn ia the usual sense. The engines~y wWho uses the electrointegrator is
conducting =xperiments analogous with those which he wouwld want to carry out on
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the mechaniems with which he is concerned. The practice of working with
electrointegrators is analogous to the usual investigatione in any given field
of engineering, and may be accomplished in plant laboratories and design offices,

Characteristics of Electrointegrators

I
First of all, let us examine some of the general characteristics of electro-
integrators. Figure l@ppendecﬂ shows an over-all view of the type EI-12. The
upper part of the vertical panel holds resistance boxes and the left part of the
table holds condensers. Basically, therefore, the device consists of resistances
apd capacitances. The panel is a sort of "electrical drawing board” where, as on
a real drawing board, any geometrical. figure -- the profile of a design or sec-

tion of & unit or part, for example -- can be set up. Beneath the vertical panel
are the voltage and current dividers which permit the creation of wvarious loads -
and externnl forces in testing the designs. ILLEGIB

The measuring equipment is located st the center of the horizontal panel.
With 1t, the voitage and currents at any point and in any element on the panel
ran te messured, and e study made of the phenomena taking pluce in the model.

Tre slectrointegrator takes its power from a 220- or 110--volr, 50-cycle
municipal line.

The type 112 electrointegrator is designed to solve wany problems: (a)
calculation of thermal areas in electric furnaces; (b) to determine stresses
during distortion of shafts of complex section, etc.

The mathematical equationg which can be solved on this type of electro-
integrator have the form

%[Ax(%y) 5,%] + %;[Ay (x.y) -}?] =F (x5

vhich ::?presenﬁ partial differential equations of the ellirtical type (Laplace,
Poleson, vector potential equaticns, etc.).

The type EI-31 electrointegrator is distinguished from the EI-12 in that
the E1-31 has capacitance boxee and alzo equipment for assigning voltages in
the form of arbitrary furnctlons of time Thie integrator 1s used mainly to
golve compirx heat problems and problems in other fields, e g., distribution
of electrical and magnetic fovce lines in apparatus, hydrsulics problems, and
otners .

The type ELI-ML vacuum-tube integrator of the Penza caleulating-analytical
machine plant can be used for the analysic of varicus physical phenomens in the
most diveres fields, e.g., for investigating systems of automatic regulation and
contral ;

This integrntor permits solutlon of the most difficult problems arising
during the destig.ing or adjusting of auromatic regulation eystems, namely, the
proklen concerning the effect of the various parameters of the regulators and
the regulat=d object on the spsed and character ¢f tranzient processes; the
prablem of the stability factor, the s:lection of optimum parameters, etc.

Thas mtegrétor can be used to study the processes of regulation of temper-
ature, voltage, speed of machines, and othér guantities

It can ke used to investigate dynamic transisut processes in mechanical

setupg, processes connected with the study of free and induced oscillations in
complex elactyomechanical systems, and alzo follov-up systems.
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The integrator is fed through reetifiers from the municipel ac line.

The larger type ELI-12 vacuum-tube integrator is used to solve a complex
system of egquations.

Vacuum-tube integrators serve for modeling and analvsis of prceesses in
technical equipment which (processes) are approximately described by a system
of ordipary linear differential equations with constant coefficientg, of the

form:
n
2 bagFe dt' + Z % 4 = Ao
1= 11
where k =1, 2, 3 . . . 6, ”_LEGIB
In the ELI-J%, p = 6 and ¥y = ry, with arbitrary initla! conditions. The

coefficients of the Pq_uatwn may be set up from -100 to +100% at 1% intervals
of the maximum value, EBrror in regulation of coefficients does nov =xceed 1%
of thelir maxinum value .

Heat Calculastions on Electrointegrators

In the study of processes in forging and stamping production, in welding
and in foundsy practice, the study of heat processes occupies a prominent pogi-
tion. Elecirointegrators can play an invaluable role in these cases.

Let us examine, for exsmple, the possitiilities which now exist for study-
ing and calculating heat processes.

We chall take some part which has to be heated to a certain temperature.
The form of this paurt can be arbitrary. T can be repraduced on the main panel
of the electrointegrater exactly as on a drawing board. The geometrical scale
is so chosen that the part to be studied will take up most of the panel.

The materiual in the part is characterized by certain physical constants for
the heating processes.: sgpecific heat capscity and specific heat conductivity.
On the basis of this data known from technical nandbooks on the material, the
constants of the electrical circuit can ve determined. The formula for deter-
mining these values is extremely simple.

cp-}’zz — chz

At tTe
where ¢ is specific heat capacity, , , =pecific heat conductivivy, t, a unlt
of tim~ equivalent to one se¢cond, R, :esxstnncs of the iptegrator element; ¢,
capacttance of one integrator Aleméw.. T.. tame in the electrointegrator cor-
resyponding to one second of the renl process; 1, unit of length, 2.3.. one cm;
n, numLer of elemsnts of the model per centimster of the part, and 2, density.

17 the purt be neated from any =xternal heat source. During this process,
the tempesrature of the heat source and the coefficient of heat transfer between
the sourze and the material in the part are usually known. In the electrointe-
grater, the heat source is represented by the source of electiric surrent. Be-
twesn current source and model ere conductances which reproduce the heat-transfer
phenomenon of the medium between the heat source and the part.

With 2 voltage divider and resistance boxes, any coeffictents of heat

transfer ¢&sn be established on the peripnery of the part and the intensity of
the hest seources can be varied. Tc convert assigned velues for intensity of
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heat source and coefficient of heat transfer to corresponding voltage and
conductivity values is an elementary operation using, for example, a formula

a_-.-L b::r.‘_a.. , c.-g...‘_/n_'
o) ” ‘ Ra 7

in the formula for boundary conditions
2 O+ b.é_&a = C
n

s resistance between current source

Here, Vg, is voltage of current source, i i
ature of the part; and a, b, and ¢ are

R
and element of the model; 8 is the tempe
the msgigned coefficients.

<
I

After the integrator has been turned on, volteges appear at all points of
the modetl.  The change of these voltages with time then corresponds to the tem-
perature chaunge during the heating of the part.

Yf 1t is required to determine the iemperature inside a body of complex
confaguration, then the electrical model of the body is split up over a number
of separate panels. It is then possitle no feed current to each panel and to
measure current or voltage at any poant without disturbing the processes taking
place in the model. ITn this manner, problems of temperature determination at
any internal point of a complex body being subjected to heating are easily solved
on the electrointegrator without thermerouples and under conditions where it
would freguently be impossible to mensure temperature.

The importance of temperature distripution in heated parts is a well-known
facr Large drops (gradients) in temperature cause internal mechanical stress
in materials, ocrasion cracks and, under rertain conditions, subsequent failure.
The selection of heating conditions urder which permissible gradients are ob-
tained is of preat interest t0 many indusiries.

It should also be noted that the induction and other methods of heating
can be reproduced on the electrointegretior.

In foundry practice, there i: much interest in the study of the temperature
fields in metal during cooling in moids This problem caa bte approximately
sulved on the type El-31 electrointegraror.

For examplie, tske the case of trmpevoture distribution inside a cruciform
profiie which 1& heated to some maximunm temperature and then cooled with the
external medium At constant temperature

in this caze, all <condensers of the electrical model receive determined
charges snd have the assigned voltage at the initial moment of the process.
External points of the model are connect=d with the elements of the surround-
ing medium by resistances .  Starting with this inltial moment, the condengers
of the medel are discharped through the resistances, and the voltage distribu-
tion with time corresponds t¢ the distribution of temperatures in various
points of the body. The measurement of voliages {temperature) ig conducted by
a simple method at the model

The solution ol these problems is sufficiently eacurate for practical
marposes , constituting 2-5% of the maximum remperature.
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Ir. should e noted that electrointegrators aré produced by industry as
appsratus for solving a great number of rypical problems. However, the prac-
tice of using electrical modeling in the conduct of engineering calculations
ba: chown the expediency of creating working models of objects which are of
consTant interest in each given Tield of eugineering. for exampie, models of
macsive concrete structures, bridges, dams, thermal processes in blagt furmaces
or open-heartn furnaces, petroleum deposits, ete

The number of these models built for individual but extremely important
proviems 1¢ very iarge. For this resson, we consider it expedient to create
for machire butldicg also those speclsl models which fin contrast o eleciro-
integratcrs) are suited for parrvicular problems, e.g., foundry practies, weld-
ing problems, and forging and scamping production.

Tn this cass, the models can be prepared from less expensive elements asnd
built 1n suck a way that they can bs u:ed Lo cbtmin rapid answers to the prob-
lems of =ach grven tield. The graphic ~cuality of the electrical model, from
the geometnrical standpoint, the extremely simple aralogy between L2 constants
of *he model aud the object being studied, and the simplicity of measurement
merhads recommend the electrical models for broad application.

i+ 1z te e noted that all parametsrs and quantities are established, on
elecirical models, with Limited accuracy (of the order of 1% of maximum).
Theretore, the accuracy of solutiors to problems is also limited and depends
sn the character of the problem being zolwed Howsver , the limited accuracy
of the elestromodel ing method appesre 1o b no impediment in technizal research,
T

in tne majority of cases Generaily, the physical constants, the dimensions of
the field being siudied, the values of forces, ¢peedn, stresces, and the vari-
ous « 1

apparaTus are kunown with very limited
accuracy The measuring devices usa2d in enginesring practice nhave a ciass of
aceuracy of the order of 0.2 to ] O, which corresponds 1¢ an «<rror constituting
variations of 2.2 te 1% of the full acale of tne device.

ernpl factors affecting techmon
4
t

The results of reste on the ELT-1L4 apparavus are of 1nterect.
On *he basis of Le3t results 17 was estabiished that the ELT-14(6) vacuum-
tube integrator cun be used effectively 1o analyveze transient Proceésses in engi-
neering apparatuas -- 1 e , Tor the approximace soiution of systems of six
ordinary linear d:fferontial equations w:th 2tant cosTficients The equatlons
describing Lrariient Processes fattenwaring in Lime) are solved with an error
averagiug i-4T of the maximum value of tne quantitizs being meesured . Tn addi-
trop, the EL!I-T4(4) cun be used +o demonstrate the practicel stability of dy-
nam'c systems, wnd 1o determine the effect ctf variations in coefficients of
equatirag, and {variations} ‘in initinl cond1lions and right hand members on the
of the transient process {on the :alutiond. In the vase of nonst-ble
, the slectroautegralor can G useg ! obtein a sufficiently accurate
for o limit-~d time interval, depending on the character of the equatian.

on

Torsion and Bending n Mechanical Coastructions

tecrrointeprator mey be used rov torsion calculations on

The rype ©1-12 &
cemplax shatts and prismatic:rods Far these cnlculations, s asction of the
or rad Lnoset up on the matn pane!l A zeale ¢ chosen whersdy the great-

est number of @lements witl be preseruzd.

An interesting propersy of the «isctric drawing board fs that it can be
stretched in one direction, compressed in enother direction. its form can be

4 10 vepregent & eircle, an <1llipse, or apy complsx Tiel)d with a curvi-
properties are dotermined by the fuct taat the eleccri-
model can be represeonted ir any aystem of curvilinear

chigng
linear outlil
cal cnordin
orvhoponsl coordina
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The szlection of this or that

system of coordinates is determined by the
arrangement of the resismtances and capacitances in the panel elaments. We
shall take as en exsmple the solution 10 the problem of torsion in a propeller
consisting of three nonuniform layers.

In grapric representation, the intervals between index points on the x-axis
are twice a: great as those along the y-axis. Arcordingly., the resistances in
the direction of x are set up four times less than the resistences of each side

of the grid in the y-axis direction. The field modeled by the electric grid is
thus "elonzated in the dairection of the x axis.”

The results of the solution are eypressed in the Torm of lines of equal
2tlress values (15011.nes) gt intervals of 20% of the maximum stress value 1t
iz knuwwn that the component tangential forces during torsion are proportional
to the zradient  To deteruine ity considering torsion, it 1s necessary
1o ecalrulats the voluwie of the iligure formed by the stress values obtained.

rigi

Pooblems of bending i1n plates, beums and other elements can ke solved on
the FI.12 zrne on the vacuum-tube integratorz. In the study of bending which
cours uruler loads not changing 1n time, ~he E1-12 is used; but it is expedient

tn use tnpe vazuum-tube models and inteprators when idying dynamiec processes
of hending

Calcnlations on parts and units under simultansous bending and torsion,
deceribed by o system of partial @ifferentinl cquations, can b2 periormed on
integrators i A fracticen of the time taken to perfore them with arithmometers.

Caiculurions in the Field of Repulation

The

vroviems of mechanization and avtomatizetion are orgenically bound up
witnh provlems of the regulation of various quantities As we Rpow, calcula-
ticns of Jynamye processes of regulstlion are very complex and ore often beyond
the copacity of engineers Flectrical models, or integrators, can be o great
advawtage nere With their help it i< pos le to solve rapidly and with suf-
ficisnt accurany the problenms the ctudy of aynamie processes in
the {ield of regulation, and parumeters of these systems.

The o
{ELT -k,
ioni, aynthe

& for sclving
'c) 1t Qultle RImyE
is of the system of

s on the vacuum-tube -lype Integrators
ne Operallon duzes Lo transposing =qua-
nuuu!o", and determinant.on of the param-

e

rrer s of the andividusal members o dator z2nd of the object of regule-
tian. An en,‘:;n—‘-pr uh nos vfwfn".v izhed nis Tormai cducation can pe trained
for Tty operati

1 wesise

romulating Lystern have besn get up, the result
an : ~=n a5 curves of
unkncwn variab. ¢ the gquantities. v

the pro 2t ta engineers dur-

RR 3 dlevuroan and under warying © n'lmg 10 «—merar«ncy
nr ting o of the cem The ;x'mmuLmn iy o
regn v rding to thy criterin ot Hurwits, . yqulst ia
Very ctrient model the astermination of practical ata-
bilivw

vootesting rhe cvability of oo fysTen, an Snglneer cun selecl systel parsme
sters and contact sinng on the basis Wl otner caus:derations so that
the system bDecomes stavle

! Le noetedthar n (-‘1@171"'*""3 pract i1 1¢ necessary to determine,
maind Jeol of certain quantitiec on the 7 a process proceeds, on the
[ 2N S s ysten, euc Therofore, the porsibility of rapid stuay,

on ou
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model, of the erfect of a number of quantities, and the selecticn of the most
suitable operating conditions for a regulating system are of essential value,
Electrical invegrators are irreplacesble squipment in the hands cf engineers

for this Uype of practical snalyeis.

N

The fact 1s that on an electrical model the processes being studied are
seen directly on an oscillograph while parameters are being changed by hand.
By rotating a commutator knob, any guantity of an element in the system can be
varied from -100 tc +100% through 1.09 intervals of the given guentity's maxi-~
mum value. The pictures of the process which appear then are the same as might
be expressed by curves in the form of results of the solution of a system of
di1fferential equations, which wcuid require several days work with an arith-
memeter .

Actually, the labor involved irn such investigations has until now often
deterred angineers from using methods of scigntific analysis, and se=lection of ”—LEGlB
optimum parametere and operating condivions. The uze of models and electro-
inuegrators 1s playing a great part in the cver-all elevation cf culture in
engineering research and calculations

Tre vatuwn-tube models permat, among other things, work on testing, ad-
Justment, and refinement of various regulating systems, automatic control de-
vices, and on the study of the dynamics of various automatic machines, For
this purpose 1t is possible to use electrical model-stands as substitutes for
the complex objects undergoing regulation aad control.

* In this rase, large machinss, movors, and cunplex mechanical constructions
may be replaced by an electrical anpalogus. The voltages whick occur in the
model can then riay the roile of the forces, displacements, ond speede of the
mechanical objects. By using follower scystems, these voltages can bte converted
easily inte mechanleal quantities which will act on the regulatars beling studied
and on otner apparatus,

Subsequently, the active parts of the regulmtors or other apparatus can be
attached to responsive elements which convert the mechanical guantities into
voltages . The voituges obtained act on the electracal model, theredby creating
a rioged dynamic system analogons to the real system being studied. However,
one of the elements of this closed iystem -- the régulator or other apparatus --
. and all other elements arc replaced by the electracal units of the

3 retinement of upparatus for automatic
L end effective. With the method it 1is
werating conditions for the systems with-

s, moet s d exgensive complex
vumer ong and drfficuly experiments does
gquantity of power or fuel

Thiz method for rhe adjustmert
control and regniation i{s most raty
PosgLtle tTa Create the most wiaried
oat teay of wreoking or damoging
meehant 2} egul pment, The canduc:
net raguire the conswnption

sad on adeas tiver conceived in the

The electrical modeling mathed, b
wpr1cts. 1a bound to pley a lesd-

Soviet Union, and developed by Saviet
1M role o engineering pracrice
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Type EI-12 Electrointegrator

ILLEGIB

1. Mainpapcel of resistance boxes
2. Cases with constant condensers
3-6. Devices for setting currents and voltages at all points of the model

7-8. Measuring devices
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